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1.0 INTRODUCTION

The Performance Controlled System, better known by the acronym PECOS was first developed
and implemented by Arizona Department of Transportation (ADOT) in 1970 as the department’s
highway maintenance work management system. The primary objective of PECOS is to help
ADOT management staff keep track of all activities that are related to highway maintenance and
better plan ahead based on historical data. From its inception, PECOS has been implemented in
a mainframe environment. The computer program behind PECOS has been maintained by the
ADOT unit, Transportation Information Resources (TIR) and its predecessors. Since its original
implementation PECOS has undergone periodic improvements. The current version is called
PeCoS II and is being further modified for use as an application in the Microsoft Windows®
environment. For the purpose of this study, all references to PECOS implies the current version,
PeCos II.

When PECOS was first implemented there were very few working models of maintenance
management systems in the country. The system keeps track of all highway maintenance
activities carried out by all of the maintenance units within ADOT. Each maintenance work unit
is expected to keep track of the type of maintenance activity, and the amount of labor, equipment
and material expended in performing that activity on a daily basis and report that information to
the PECOS system. Each maintenance activity is associated with a unique identification num-
ber, a description of the road inventory feature maintained by that activity and a measurement
unit for that work. The system also utilizes Performance Guidelines that specify standard labor,
equipment and material requirements for each maintenance activity. The PECOS system is able
to generate reports on any specific road maintenance activity carried out by a specific mainte-
nance organization or generate statewide costs.

Although the PECOS system keeps track of maintenance activities for most existing highway
hardware maintained by ADOT, newer electronic systems that fall within the umbrella of Intelli-
gent Transportation Systems (ITS) have not been fully incorporated into PECOS. The full
collection of ITS components is commonly referred to as Intelligent Transportation Infra-
structure (ITI). Many state highway agencies, including ADOT, have realized that operating and
maintaining ITI elements at acceptable levels of performance requires substantial maintenance
resources, in terms of labor, equipment and materials. In 1996, ADOT identified the need for
better forecasting ability on these recurring annual ITI operation and maintenance (O&M) costs
as an agency priority. This topic was proposed and selected by the agency as a research project
for the Arizona Transportation Research Center (ATRC), the research unit of ADOT. The scope
- of this project was developed by the center to address the identified agency need with the goal
that the project would develop a product that will provide the agency a systematic method for
estimating annual O&M costs associated with ITI in Arizona.

1.1 GOALS AND OBJECTIVES

The goal of this project was to provide ADOT the ability to forecast operations and maintenance
costs associated with both existing and planned ITI in the state.



The project objective was to develop the essential cost data models required for incorporation of
O&M considerations related to ITI into the ADOT maintenance management system, PECOS.
The original scope of work was limited to the development of the required cost models and
generating initial cost forecasts.

1.2  ASSUMPTIONS

The ability to implement the project results and recommendations were predicated on the fol-
lowing assumptions regarding the capabilities of the PECOS system:

1. The PECOS system is structured in a manner that can accommodate cost models.

2. Once the cost models are incorporated in the system, it has the ability to forecast future
year operations and maintenance costs associated with ITI.

1.3 PROJECT SCOPE OF WORK
The initial scope of the project consisted of the following project tasks:

Task 1:  Project management & progress.

Task 2:  Review of proposed work plan.

Task 3: Review the PECOS system and identify highway inventory and maintenance
elements.

Task 4:  Identify ITI elements to be included in the research.

Task 5:  For selected list of ITI elements, review and validate annual O&M costs.

Task 6: Develop cost models required for incorporation of ITI elements into PECOS.

Task 7:  Project the ITI PECOS maintenance budget on an annual basis up to FY 2010.

Task 8:  Final Report, Research Note and Presentation.

1.3.1 Modifications to Project Scope

The findings from Task 3 review of PECOS identified certain limitations concerning PECOS
capabilities that would have been crucial for executing the project as originally scoped. These
limitations are discussed in detail in Section 2.2. The project team and the Technical Advisory
Committee (TAC) discussed these limitations and agreed to modify the project scope such that
the cost models and the resulting forecasts would be developed as stand alone models utilizing
PECOS data as much as possible for labor, material and equipment costs. Where adequate data
were not available for ITI elements in Arizona, data from other states were to be utilized. The
operational costs for various ITI elements are not available in PECOS and will be based on
available ADOT data supplemented by data from other states.

1.4 PROJECT OVERSIGHT PROCESS

All research projects undertaken by ATRC are scoped by a TAC that typically consists of
stakeholders and end users of project results. When a project is launched, this committee contin-



ues to function as the project oversight committee. All project results are reviewed and approved
by this committee prior to finalization. The composition of the TAC on this project is shown in
Table 1.

Table 1. Project Technical Advisory Committee

Name Organization
1 | Agah, Manny Transportation Technology Group/ADOT
2 | Carter, Phil Phoenix Traffic Operation Center
3 | Dana, Steve Electrical Operations/ADOT
4 | Decker, Jim AZTech MDI, City of Tempe
5 | Etheredge, Bob Electrical Operations/ADOT
6 | Fowler, Tom Federal Highway Administration
7 | Hendrix, Lonnie Assistant State Maintenance Engineer
8 | Hansen, Alan Federal Highway Administration
9 | Jonas, Glenn Phoenix Traffic Operation Center
10 | Lozano, Marc Flagstaff District Traffic /ADOT
11 | McClatchey, Chuck FMS Maintenance
12 | Morden, Bob Maintenance Planning/ADOT
13 | Nelson, Jon FMS Construction/ADOT
14 | Owen, Steve — ADOT Project Manager | Transportation Technology Group/ADOT
15 | Pfeifer, Jerry Phoenix Traffic Operation Center
16 | Pickering, Art Flagstaff District Traffic/ ADOT
17 | Sykes, Paul Tucson Traffic Operations
18 | Warner, Hank Tucson Regional Traffic/ADOT
19 | Williams, Norma Electrical Operations /ADOT
20 | Wolfe, Tim Transportation Technology Group/ADOT
21 | Young, Mike FMS Construction/ADOT







20 AN OVERVIEW OF THE PECOS SYSTEM

In order to obtain a clear understanding on how the final cost models would have to be structured
for incorporation in PECOS, the project team carried out a brief review of the PECOS system
and its functions. A number of PECOS end users in ADOT were interviewed to gain a good
understanding of the system and procedures. The Maintenance Planning Unit of ADOT, respon-
sible for PECOS, was consulted for verification of the project team’s understanding of the key
features of the system. A brief overview of PECOS was formally presented to the project’s TAC
at the meeting on November 13, 1997. During this presentation the committee was briefed that
the project team had discovered issues that had a significant impact on the project scope. These
are discussed in Section 2.2.

There are four top level PECOS functional areas which may be considered subsystems. Each of
these subsystems support numerous planning functions that are listed below:

1. Work Management System

=  Work Program and Budget: labor/equipment/material rates; activity planning
®  Annual Work Distribution: program summary

= Resource Requirements

= Work Reporting: daily reports; expenditures; bi-weekly time sheets

[}

Management Reports: work progress; work calendar; unit cost analysis; activity
analysis; trend analysis

= System Setup: system setup file

= Utilities: system backup; new fiscal year

= Additional Reporting: resource summary; work progress review

2. Material Management Inventory

= Material Inventory: status report; usage/demand history
= Inventory Ultility: backup files

3, Communications

" Upload and Download data on: work reports; planning files; material inventory;
equipment usage; employees; equipment; time sheet

4. Data Analysis

® The functions described above are utilized by the ADOT Maintenance Planning Unit
for planning and programming the agency’s highway maintenance activities



2.1  USE OF PECOS TO TRACK MAINTENANCE ACTIVITIES

PECOS contains definitions for each highway maintenance activity and its associated inventory
feature and work unit. For each type of maintenance activity, performance guidelines have been
established V. These guidelines describe the standard labor/equipment/material needs for each
activity. When ADOT work crews carry out their maintenance activities, information such as
type of inventory feature, labor/equipment/material expended on the job are recorded and entered
into PECOS from each maintenance organization via a dial-up communication link. This
information is used for various analyses and reports that can be generated from within the
PECOS system.

While the PECOS system seems well designed to capture all maintenance data, some doubts
were expressed by TAC members on the accuracy of data available through PECOS on activities
such as traffic signal maintenance. It appears that, due to data reporting factors such as the
amount and level of detail reported, the system may not be capturing all of the maintenance data.
However, it is obviously the best source of data available for systematic maintenance planning.

2.2 LIMITATIONS OF PECOS’S ABILITY TO FORECAST

During Task 3, when the PECOS system was reviewed in detail it was discovered that several
original assumptions regarding PECOS’ abilities were inaccurate and are discussed below. The
PECOS system keeps track of labor, equipment and material expenditures related to specific
types of road maintenance features. Historical records provide data on past maintenance activi-
ties and enable the generation of standard rates for each maintenance activity.

During the PECOS system development effort, the ability to produce multi-year maintenance
cost forecasts had not been incorporated. The system does have the ability to produce mainte-
nance cost trends for past years and also provide an estimate of maintenance costs for the next
fiscal year. The one-year forecast is essentially based on anticipated labor, material and equip-
ment resource requirements identified for the next year by each ADOT district. The system does
not have any explicit links to the five-year construction program, hence has no inherent ability to
forecast future maintenance costs beyond the next fiscal year.

Although some ITI elements have already been incorporated into PECOS, all elements are not
incorporated into PECOS at this time. As a result, historical maintenance data are lacking in the
system for many I'TI elements. It must be noted that the data which is available through PECOS,
reflect the maintenance needs of a relatively new system of ITI, as is the case in Arizona.



3.0 ITI OPERATION AND MAINTENANCE MODEL

This chapter describes the O&M model that was developed and utilized to forecast future year
O&M requirements. Although the ITI O&M model developed by this project utilized PECOS
cost data for generating multi-year O&M cost forecasts, this was accomplished external to
PECOS. As discussed earlier in Section 1.3.1, this approach was necessitated by the fact that,
PECOS is unable to produce multi-year cost forecasts. The generation of annual O&M cost
forecasts, based on the modeled process, was carried out utilizing a Microsoft Access database.
This database contained detailed information on the statewide ITI deployment schedule. The
forecasts of O&M costs are given in constant 1997 dollars with no adjustment for annual infla-
tion.

3.1 OVERVIEVW OF MODEL

The I'TT O&M model consists of two submodels. The first submodel addresses resource re-
quirements for ITI operations while the second addresses IT] maintenance resource require-
ments. Each of these submodels is briefly discussed in the next sections.

From an O&M viewpoint, the entire statewide ITI was assumed to consist of key ITI elements.
A number of key ITI elements were selected for inclusion in the cost modeling process. These

elements and their common acronyms used in this report are shown in Table 2.

Table 2. ITI Elements Selected for Cost Modeling

ITI Element Acronym

Automatic Vehicle Classification AVC

Closed Circuit Television Cameras CCTV
Inductive Loop Detector ILD

Node Room None

Passive Acoustic Detector PAD

Power Cabinet None

Ramp Meter/ILD None

Ramp Meter/PAD None

Road Weather Information System — Central Processing Unit | RWIS-CPU
Road Weather Information System — Remote Processing Unit | RWIS-RPU

Traffic Monitoring Station (Future ILD or PAD) TMS
Vehicle Detection System VDS
Variable Message Sign VMS
Weigh-in-Motion System (Piezoelectric) WIM-Piezo
Weigh-in-Motion System (Bending Plate) WIM-BP

Many of these individual elements shown in Table 2 are typically integrated into larger systems
that support ITS functions such as traffic management, traveler information etc. Table 3 shows
both existing and planned ITI systems that were considered in this study.



Table 3.

Existing and Planned ITI Systems in Arizona

EXISTING

PLANNED

Phoenix FMS Phases1-4

Phoenix FMS Phases 5-17

RWIS on [-40

Tucson FMS

Stand-alone VMSs

Rural ITI Phases 1-26

Statewide WIM sites

AZTech MDI (Only ADOT Components)

Highway Closure & Restriction System

3.2 ITI OPERATING RESOURCE FORECASTING MODEL

This model applies annual operating costs for each category of ITI element on the anticipated
statewide ITI inventory determined for each year. The statewide ITI inventory was developed
using information on the existing I'TI inventory that is adjusted by additional ITI elements
deployed each year due to new ITS projects launched statewide. The deployment of new ITI
elements were based on ADOT’s ITS Project Life Cycle Plan @ Operating costs associated
with ITI devices consist primarily of power, telecommunication and operating personnel costs.

For Phoenix TOC and Flagstaff TOC, the operating costs have been addressed separately and
include personnel requirements to support the TOC function. As much as possible operating
costs used in the forecasts were historical data from PECOS. In the absence of reliable local
historical cost data, data from other state DOTs were utilized. In particular, Washington State
DOT provided useful information on operating costs for the Surveillance Control and Driver
Information (SC&DI) system ?). Other data were obtained from Minnesota “® and Virginia ©.
The basis used in this study for generating I'TI operating cost forecasts is shown in Table 4.

Figure 1 depicts the model used for forecasting annual ITI operating resource requirements.
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Figure 1. ITI OPERATING RESOURCE FORECASTING MODEL



Table 4. Average Costs for Operating ITI Elements
ITI Element Average Annual Basis/Data Source
Operating Cost ($)
AVC — Piezoelectric 98 ADOT/ATRC
CCTV 23 WSDOT
ILD 38 WSDOT
Node Room 984 WSDOT
PAD 38 Assumed same as ILD
Power Cabinet n/a
Ramp Meter/ILD 45 WSDOT
Ramp Meter/PAD 45 WSDOT
RWIS-CPU 500 National Survey
RWIS-RPU 170 Assumed 10% of CPU cost
TMS 38 Assumed same as ILD
VDS 45 Assumed same ad ILD
VMS 1035 ADOT
WIM — Piezoelectric 98 ADOT/ATRC
WIM — Bending Plate 98 ADOT/ATRC

3.3 ITI MAINTENANCE RESOURCE FORECASTING MODEL

When developing the maintenance resource model, all of the factors that have a significant
bearing on maintenance costs were taken into consideration. The resulting model, therefore,
represents a comprehensive approach for accurate estimation of ITI maintenance costs. An
additional feature was proposed for the model that would have built in an equipment degradation
model for estimation of I'TI equipment replacement needs. However, that model was not devel-
oped due to lack of adequate data to calibrate such a model at the present time. The mainte-
nance costs forecast by this model include all maintenance activities associated with the ITI
elements, and costs associated with their replacement at the end of the useful lifecycle. All new
ITI equipment is covered for a limited period by manufacturer provided equipment warranties.
These warranties only cover the cost of replacement parts during the warranty period. Therefore,
new equipment still under warranty incurred only labor and equipment costs associated with
unscheduled maintenance.

Figure 2 depicts the I'TI maintenance resource-forecasting model. Key input data for this model
are the annual I'TI inventory forecast and the annual maintenance resource requirements for each
ITI element.

All maintenance activities are divided into two categories. Scheduled Maintenance or Preventive
Maintenance (PM) involves routine cleaning, adjustments and minor repair. The second cate-
gory, Unscheduled Maintenance or Demand Maintenance (DM) involves responding to
equipment breakdowns, malfunctions etc. The PECOS system contains Performance Guidelines
that define standard labor, equipment, material quantities and labor hours for various PM activi-
ties. These guidelines also specify PM frequencies for various maintenance features. Standards
for PM have been established for those I'TI elements that have already been incorporated into

10



PECOS. Annual PM resource requirements for specific ITI elements were obtained directly
from these guidelines and accurately depicts PM requirements. The sum of PM and DM costs
associated with any ITI element reflects the total maintenance cost component for that element.

The PECOS system also gathers data on DM through program and activity codes that have been
established for different equipment. However, it was not possible to obtain PECOS cost data on
DM at the same level detail as that available for PM. A limited amount of DM data were pro-
vided to the project team by ADOT (6) and were used as the basis of DM costs for all ITT
elements.

The cost of any maintenance activity is affected by the amount of travel required to carry out that
activity. It would depend on the location of the ADOT maintenance units that execute PM and
DM on statewide ITI elements. An accurate accounting of such future costs were considered
beyond the scope of this effort. Therefore, additional maintenance costs that may be associated
with travel to future remote ITI sites were not included in the cost forecasts.

The degradation of ITI elements with age and their eventual replacement costs were addressed
by assuming that once an element reached the end of its useful life, it would be replaced by an
equivalent I'TI element. Costs related to periodic repair and replacement of components within
each element were assumed to be captured by the annual DM costs. Historical DM costs from
PECOS were used to generate average annual DM costs for each type of ITI element in service.
These average costs were then applied across the ITI inventory. The influence of the age distri-
bution of ITI inventory on DM costs was not explicitly considered due to lack of historical data
to establish reliable relationships.

11
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4.0  IDENTIFICATION OF ITI ELEMENTS

The reliability and accuracy of future O&M cost forecasts depend largely on the accuracy with
which equipment inventories for future years are determined. Therefore, proper identification of
equipment or I'TT elements that are currently deployed and those that are planned for future
deployment across the state was required for estimating future maintenance needs. Different
types of ITI elements have different operating costs and maintenance needs, which also change
over time as these equipment age. The age of equipment in any given year was determined from
the install date for consideration in the life cycle analysis, which incorporated equipment re-
placement.

In order that the O&M cost estimates accurately depict expected future costs, an effort was made
to identify the key ITI elements that would influence these costs. As is common with many
electronic devices, many ITI elements consist of multiple components that each has their own
O&M cost characteristics. However, for the purpose of this study it was deemed sufficient to
identify O&M resource needs by the key ITI elements. The selection of these key elements was
primarily based on how preventive or scheduled maintenance activities and demand or unsched-
uled maintenance activities are carried out and recorded by the agency. For the purpose of this
study groups of field components are considered as ITI maintenance units. This is consistent
with the manner in which cost data on ITI maintenance activities are entered into PECOS. The
terminology and acronyms used for ITI elements that in fact refer to groups of components
associated with that element are defined as follows:

Variable Message Sign or VMS: This element consists of a FDS/Sylvia sign enclosure that is
mounted on an overhead structure over the freeway, a Type 344 roadside cabinet that houses the
sign controller; a modem, a communication relay and a voice telephone.

Inductive Loop Detector or ILD: These are vehicle detector stations spaced at 1/3 mile along the
freeway. Each station typically consists of two inductive loops in each of three lanes, a Type
341 cabinet, a 179 controller, a modem, a communication relay and a voice telephone

Passive Acoustic Detectors or PAD: This element is essentially the same as an ILD station with
the loops replaced by a group of acoustic detectors.

Traffic Monitoring Station or TMS: This term refers to future vehicle detection stations and
could refer to either ILD or PAD due to present uncertainty about the type of detection technol-
ogy to be utilized in the future.

Ramp Metet/ILD: These are ramp meters that also function as mainline detectors (and are linked
to a group of six mainline detectors located either upstream or downstream of a ramp terminal).
This element typically consists of a Type 341 cabinet, a 179 controller, four loops on the ramp,
ramp metering signal and the six loops on the mainline.

Close Circuit Television (CCTV): This element typically consists of a camera, drive and hous-

ing, Type 343 or Type 341 cabinet, camera controller and multimode fiber communication link
to the node.

13



Vehicle Detection System or VDS: This element consists of future automatic vehicle counting
systems to be located at existing permanent traffic count stations. These elements are planned to
be deployed as part of rural ITS.

Road Weather Information System — Remote Processing Unit (RWIS-RPU): This element
consists of a sensor located on the road pavement, roadside weather station, controller, a cabinet,
and communication link

Weigh-in-Motion — Piezo or Bending Plate (WIM-Piezo or WIM-BP): This element typically
consists of a group of piezoelectric- or bending plate-based sensors located in a number of lanes
of the highway, a roadside controller, modem

Automatic Vehicle Classifier (AVC): This element has the same components as a WIM-Piezo
but collects data on vehicle classification.

Other technologies that are currently being considered for future deployment include:
e Highway Advisory Radio (HAR)
e Image-based Vehicle Detection Systems
e Emergency Call Boxes

41 METHODOLOGY TO DEVELOP ANNUAL STATEWIDE ITI INVENTORY

The annual statewide ITI inventory was developed using the following information sources:

Data on Existing ITI .

ADOT’s ITS Project Life Cycle Plan @,

Rural Intelligent Transportation Infrastructure Plan ®
List of WIM Sites and equipment provided by ATRC ©.
RWIS system description from 1-40 ITS Strategic Plan ©.

Data on existing ITI provided detailed information on the following existing elements in the
Phoenix FMS:

ILD

CCTV Cameras
VMS

Power cabinets
Node Rooms
Ramp Meters

Since no installed year information was available for ITI elements, this information was based on
when FMS Phases were known to have been completed. From an O&M viewpoint, an ITI
element was considered to enter service in the year system acceptance testing was completed by
ADOT. Similarly, ITI elements planned to be deployed by future FMS and Rural ITI phases are
also considered to enter service after acceptance testing.



ADOT’s Project Life Cycle Plan provided information on Phoenix FMS, Tucson FMS and Rural
ITI deployment schedules.

The Rural ITI Plan provided detailed information on the type of equipment, planned deployment
year and location.

Although sufficiently accurate ITI inventory data were available for all future phases of Rural
ITI, similar information was not available for future phases of Phoenix and Tucson FMS proj-
ects. This limitation was overcome by utilizing general criteria used by ADOT for estimating the
costs of future FMS phases. The project team learned from ADOT that the estimated costs of
future FMS phases had been based on purely historical FMS implementation costs and similar
experiences of other state DOTs (D They were based on per mile gross FMS construction costs.
The accuracy of following this approach for FMS planning purposes had been validated by
recent contract bids received by ADOT on FMS Phase 4. This planning approach is based on the
assumption that future FMS configuration such as vehicle detector spacing on the freeway,
CCTV camera spacing, ramp metering locations, and variable message sign spacing would
closely follow existing FMS configuration. Since the Phoenix FMS configuration is well defined
and accepted by the agency, it was considered reasonable to assume that the number of ITI
features to be installed on future FMS phases would follow the observed system wide averages
closely. Table 5 depicts criteria currently used to estimate ITI elements for future FMS phases.

Table S. Future I'TI Element Estimation Criteria for FMS

ITI Element Criteria
CCTV cameras One for every freeway mile
ILDs or PADs One every 1/3 of mile in each direction
VMS One every 2.5 miles in each direction of the

freeway

Ramp Meters One at every on-ramp
Traffic Interchange Controllers One at every interchange

Source: (11)

The 1/3-mile criteria shown above for ILD or PAD spacing on urban freeways is being evaluated
by ADOT with a possible change to 1/2 mile spacing for future FMS phases.
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5.0 ANNUAL STATEWIDE ITI INVENTORY

The annual statewide ITI inventory for the years 1998-2012 was developed following the meth-
odology described in Section 4.1. Appendix E contains annual ITI inventory data compiled for
each ADOT organization.

51 PHOENIX FMS

All of the phases of the Phoenix FMS as described in the ITS Project Life Cycle Plan @ were
considered in this study. This included phases that were already implemented and others that are
planned for future construction. Identification of both existing and future I'TI components related
to FMS was a key step for developing an accurate forecast of the ITI inventory. Inventory
information provided by ADOT staff at the FMS TOC identified nearly all I'TI features that have
been implemented by past FMS phases.

The entire ITI feature inventory, for the Phoenix FMS, used on this project for generating O&M
costs is based on:

1. ITI elements implemented as of June 1997
2. ITI elements planned for deployment on future FMS Phases

The inventory of existing I'TI was compiled from an equipment inventory list provided by ADOT
. This document provided detailed information on ITI equipment and their locations. The
locations of equipment were used to identify the associated FMS phase and therefore its approxi-
mate installation date. A number of exceptions to this were observed and accounted for accu-
rately in the inventory data. For example, ramp metering at 12 interchanges along US 60 was
installed prior to FMS Phase 7b. The installed dates for ITI are used in the model to determine
the age of I'TI features at any given year.

52 PHOENIX TOC

The entire Phoenix TOC was considered as a single entity from an O&M viewpoint. This
approach was considered adequate for the purpose of this study. The study utilized O&M cost
projections compiled by ADOT staff for the years 1996 —2001. These costs had been based on
historical data and anticipated future O&M activities at the TOC. The following adjustments
were made to ADOT cost projections for the TOC:

e An adjustment to match previous ADOT projections to actual cost data for 1998.
e Linear cost increment projections for the years beyond 2001.

53 TUCSON FMS
The Tucson FMS is the second urban FMS planned to be implemented in Arizona. Current

information on the Tucson FMS indicate that it will be constructed in three phases. Phase 1 of
the Tucson FMS is currently under design and no details on specific ITI features were available
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for this project. For the purpose of determining the number and type of ITI features deployed,
the future ITI criteria from Table 5 were used.

54 TUCSON TOC

The Tucson TOC is planned to be located in the City of Tucson downtown facility with the
primary responsibility for its operation during normal working hours to be borne by the City of
Tucson. Details on its future operation were not available for this study. For the purpose of this
study, the majority of operating and maintenance costs associated with the TOC were assumed to
be borne entirely by the City of Tucson. During the first four years of its operation, the Phoenix
TOC staff is expected to provide operational support. Costs associated with this support have
been included in the Phoenix TOC cost forecast shown in Appendix A.

55 FLAGSTAFF TOC

The future Flagstaff TOC is intended to be operational only during those times when there are
highway closures that affect two or more ADOT maintenance organizations during regular
working hours. Functions such as placing messages on Variable Message Signs is planned to be
controlled from the Phoenix TOC. With the TOC function being supported by the Phoenix TOC,
minimum operational and maintenance costs are anticipated for this facility 12 At present the
only RWIS-CPU in the state has is located at Flagstaff. Maintenance personnel in Flagstaff have
received limited training on RWIS operation and maintenance. It is likely that in the future the
agency will rely on the expertise in Flagstaff to support planned RWIS expansion elsewhere.
The need to account for O&M training needs was repeatedly emphasized by TAC members.
These factors were considered in developing the O&M cost forecast for Flagstaff TOC. Antici-
pated operational support from the Phoenix TOC and costs associated with that effort have been
included in Appendix A.

56 AZTECH MODEL DEPLOYMENT INITIATIVE (MDI)

As aresult of the AZTech MDI, a number of new equipment as well as new operational func-
tions is expected to be introduced to the Phoenix TOC. The following is a brief summary of
these anticipated additions ¥

e AZTech (or HCRS) server

e ETAK server - ETAK Inc. will be solely responsible for this device

e Communications backbone - USWest SONET OC-3 backbone to Scottsdale; Tempe; and
Mesa

e T-1 leased communication lines to Glendale and Gilbert
e Numerous Routers and Codecs installed at TOC and at other TOCs
e SONET fiberoptic communication link to City of Phoenix.

It is expected that ADOT will be responsible for providing support for the O&M of these devices

from July 1, 1998. Estimated operational costs to be borne by ADOT have been estimated at
$125,000 per year ',
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57 STATEWIDE RURAL ITI

Statewide rural ITI deployment information used in this study closely followed the Rural ITI
Deployment Plan ®_ Existing ITI elements consisted only of the RWIS with RPUs along I-40
and the CPU located at the ADOT Flagstaff District Office.

Summaries of ITI inventory by each district were prepared and distributed to the districts for
review and verification. Based on feedback received from the districts, a few changes to the
original schedule were noted and incorporated in the ITI inventory database.

58  WEIGH-IN-MOTION SITES AND AUTOMATED VEHICLE CLASSIFICATION
SITES

There are two types of vehicle detection and measuring devices installed across the state.
Weigh-in-Motion (WIM) sites that detect and record the type of vehicle and its axle weights, and
Automated Vehicle Classification (AVC) sites that detect and record only the type of vehicle.
Each of these sites consists with the following components:

e sensors installed on the roadway;
e a data acquisition unit installed in a cabinet; and,
e power supply and communication links to the unit.

Both WIM and AVC devices continuously gather data on traffic passing by the site and main-
tains a record of vehicles. A number of WIM and AVC sites have been installed at or near Long
Term Pavement Performance (LTPP) experimental pavement sites of the Strategic Highway
Research Program (SHRP). These sites are maintained and operated by the ADOT unit, Arizona
Transportation Research Center. A second group of WIM and AVC sites are operated and
maintained by the Data Team of ADOTSs Transportation Planning Group.

The O&M costs used in the analysis and the replacement costs are based on historical data
provided by ATRC 9,

5.9 HIGHWAY CLOSURE AND RESTRICTION SYSTEM (HCRS)

ADOT has begun installing HCRS terminals at each district engineer’s office. Current ADOT
plans indicate that some HCRS terminals will be located in facilities owned and operated by
agencies such as Department of Public Safety, National Forest Service, and also in cities such as
Tempe and Scottsdale. This study has considered that all O&M costs of HCRS terminals located
in non-ADOT facilities will be borne by the host agency. The O&M responsibilities for HCRS
stations in ADOT facilities are being handled by the ADOT TIR group and have not been
included in the O&M cost projections. This is based on information on the operation and future
plans for HCRS provided by ADOT 1),
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510 INTERSTATE ROUTE 40 ADVANCED TRAVELER INFORMATION SYSTEM
(ATIS) KIOSKS

A number of I-40 ATIS kiosks are planned to be installed as part of a National Rural ITS grant
awarded to Arizona. Information made available to the project indicated that the maintenance
and operation of these kiosks would not be the responsibility of ADOT. Therefore, these kiosks
have not been considered in the statewide ITI O&M cost forecast.
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6.0 COST BASIS AND ASSUMPTIONS

The cost forecasting process described in Chapter 3 was followed in generating future annual 1T]
O&M costs and man-hour estimates. In doing so, the cost basis shown in Table 6 was used. The
following variables were used to determine the annual O&M cost of each ITI element consid-
ered.

Replacement Cycle: This was the assumed life cycle in years for each ITI element. The figures
used for each element were based on feedback received from TAC members and other ADOT
staff members who are familiar with equipment repair and breakdown history.

Warranty Period: All new equipment has a limited warranty period during which the contractor
or manufacturer bears responsibility for repair or replacement of parts.

Preventive Maintenance (PM): All PM costs were based on historical PECOS data and perform-
ance guidelines. PM was broken down into four components: labor cost, equipment cost,
material cost and man-hours. Annual maintenance frequency specified for each element was
incorporated into the PM cost components and man-hour estimate. Table 7 shows the PECOS
program and activity codes that formed the basis for these costs.

Demand Maintenance (DM): DM costs were based on a limited amount of historical PECOS
data. Some assumptions were made regarding DM costs for elements for which there was no
PECOS data. These assumptions and the sources for this data are shown in Table 7.

Replacement Cost: The replacement costs used for each ITI element reflected the current cost of
a new unit. Equipment costs were assumed to remain constant.

Operating Cost: The costs of operating ITI elements were obtained from ADOT data and data
from other state DOTs.
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Table 7. PECOS Activity Codes and Other Data Sources for PM and DM

I'TY Element Preventive Maintenance | Demand Maintenance
CCTV 510-5108 510-5205B
ILD 510-5104 510-5205A
T™MS 510-5104 510-5205A
Node Room 510-5104 510-5205E
PAD 510-5104 510-5205A
Power Cabinet 510-5103 510-5205D
RM/ILD 510-5104 510-5205C
RM/PAD 510-5104 510-5205C
RWIS-CPU Other DOT data

RWIS-RPU Flagstaff data 510-5205F
VMS 510-5103 510-5204
VMS — Major 510-5103 n/a

VMS — Minor 510-5103 n/a

WIM - Piezo ATRC data ATRC data
WIM - BP ATRC data ATRC data
AVC - Piezo ATRC data ATRC data

6.1 DISTRIBUTION OF O&M RESPONSIBILITIES

The O&M costs associated with I'TI elements depend to some extent on where in the state the
equipment are located and which organization or unit in ADOT is responsible for operating and
maintaining them. At present, nearly all of the existing I'TI elements are operated and main-
tained by staff at the Phoenix TOC. The only exception to this being the RWIS, which is
operated and maintained by the Flagstaff district maintenance staff. However, with continued
statewide deployment of new ITI elements, the O&M responsibilities for ITI devices may need
to be located at some districts for effective operation and management of the overall system.
Any such decentralization would certainly have an impact on future O&M costs. However, for
the purpose of this study it was assumed that all O&M functions would be supported from the
Phoenix TOC, with the exception of RWIS in Flagstaff.

6.2 ITI WARRANTIES

All new equipment installed as part of the Phoenix FMS construction contracts have a minimum
six (6) month warranty against defects and failure, as provided by the contractor (16). Manu-
facturer provided warranties on FMS equipment installed by the contractor take effect
immediately following the 60-day system acceptance testing, regardless of when such equipment
may have been first installed. Such warranty periods commence from the time at which system
is approved and accepted by ADOT. Warranty data on all I'TI elements were taken into consid-
eration in the cost forecasting process. Although there is no cost for material during the warranty
period, labor and equipment costs that are typically incurred by ADOT were taken into consid-
eration.
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6.3 LIFE CYCLE COST CONSIDERATIONS

For each ITI element, a life cycle was assumed based on the experience on similar equipment in
the Phoenix FMS. The analysis also assumed that at the end of this life cycle the equipment
concerned would be replaced by an equivalent one with a similar life cycle and warranty.

6.4 EQUIPMENT UPGRADES & OBSOLESCENCE

Upgrades
All equipment upgrades were assumed to occur at the end of their life cycle.

Obsolescence

It was assumed that at the end of the design life of each ITI element would be replaced by an
equivalent or an upgraded unit. The cost associated with replacing an original ITI element was
considered a maintenance cost. Replacement costs were assumed to remain constant over the
entire forecast period. Although the per unit costs of ITI equipment have decreased due to
increased markets for them, the functionality of many newer devices seem to have increased in a
manner that offsets any reductions in unit costs.
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7.0 RESULTS

Annual operations costs were generated by the application of operational costs shown in Table 6
for each ITI element in service on a given year. Similarly, appropriate PM & DM rates for labor,
equipment and material were applied to the entire statewide ITI inventory to generate the PM &
DM costs. By developing a relational database that included each ITI element that is planned to
be deployed during the period under study, it was possible to generate O&M costs by each
district.

A summary of annual O&M cost forecast for ITI is shown in Table 8. This summary provides
the total O&M costs and man-hours required by each ADOT organization to support ITI. Large
variations in the O&M costs from one year to the next for any ADOT unit/organization shown in
the columns of this table reflect additional costs incurred due to equipment replacement.

Detailed cost and man-hour forecasts are provided in the Appendices as follows:

Appendix A — Annual O&M Cost Forecast for the Phoenix TOC.

Appendix B — Annual O&M Cost Forecast for Flagstaff TOC

Appendix C — Statewide ITT O&M Resource Forecast by Year

Appendix D — Statewide ITI O&M Resource Forecast by ADOT Organization
Appendix E — Statewide ITI Inventory Forecast (excluding Phoenix and Flagstaff TOC)
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8.0 CONCLUSIONS AND RECOMMENDATIONS

A systematic process was followed in developing the cost models for generating ITI O&M
forecasts for Arizona. The project was slightly set back by the discovery that the ADOT mainte-
nance management system, PECOS, could not support cost forecasting function. However, the
alternative approach followed in executing this project, by developing a stand alone cost fore-
casting process utilizing PECOS data, may have resulted in some useful insights for future
improvements to PECOS. The model used can be incorporated in a future version of PECOS,
thus providing the ability to make accurate O&M cost forecasts for ITI. A desirable feature of
any system such as PECOS would be its ability to link directly to multi-year project deployment
schedules. Such ability would provide PECOS the ability to forecast future highway mainte-
nance costs as well as personnel requirements to support levels of service desired from the
transportation system

[t was necessary to make a number of assumptions regarding both PM and DM costs, in order to
be able to generate the forecasts according to the model process. The primary reason was lack of
adequate PM and DM data on ITI elements. Although some ITI elements are already in PECOS
many have not been incorporated as yet. It would be of value to the agency to have the key ITI
elements incorporated in PECOS as soon as possible. Although having the elements in PECOS
is important, an equally important consideration is having O&M activities accurately reported to
PECOS.

During the course of this project, the project team interacted with many individuals who are
actively involved in ITI O&M activities in Arizona. Some of the key concerns expressed by
these individuals dealt with lack of personnel to address maintenance according PECOS guide-
lines. These concerns seem to be validated by the forecast man-hours for ITI O&M activities. A
second but related concern is training required for O&M staff. This concern has been addressed
by the inclusion of training needs in the Phoenix and Flagstaff TOC cost forecasts.
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APPENDIX A

Annual O&M Cost Forecast for the Phoenix TOC.
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APPENDIX B

Annual O&M Cost Forecast for Flagstaff TOC
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APPENDIX C

Statewide ITI O&M Resource Forecast by Year
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APPENDIX E

Statewide ITI Inventory Forecast (excluding Phoenix TOC and Flagstaff TOC)
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ATRC

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
0 1996  AVC - Plezo 1008 1
0 1996  AVC - Piezo 1010 2
0 1986  AVC - Piezo 1019 2
0 1996  AVC - Piezo 1040 2
0 1986  AVC - Piezo S 068 1
0 1986  AVC - Piezo S 095 1
0 1996  WIM - Bending Plate 1010 1
0 1996  WIM - Bending Plate 1040 2
0 1996  WIM - Bending Plate U 093 1
0 1996  WIM - Piezo 1008 1
0 1996  WIM - Piezo 1010 2
0 1896  WIM - Piezo 1019 2
0 1886  WIM - Piezo 1040 2
0 1996  WIM - Piezo S 085 1
0 1996  WIM - Piezo S 417 1
0 1896  WIM - Piezo U 060 1
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Flagstaff Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
0 1992 RWIS-CPU District Office 1
0 1992 RWIS-RPU 1040 7
1 1998 RWIS-RPU 1017 2
1 1998 RWIS-RPU 1040 1
1 1998 VMS 1017 1
1 1998 VMS 1040 2
2 1999 RWIS-RPU 1040 1
2 1999 VMS 1017 1
2 1999 VMS 1040 3
5 2002 RWIS-RPU 1017 2
5 2002 RWIS-RPU S 064 1
5 2002 RWIS-RPU $ 089 1
5 2002 VMS U 088 1
11 2004 VMS 1017 2
1 2004 VMS 1040 4
20 2008 CCTV Other 1
20 2008 VMS S 064 1
20 2008 VMS U 160 1
20 2008 VMS U 180 1
22 2008 VDS Other 1
22 2009 VMS 1015 2
22 2009 VMS 1040 1
22 2009 VMS S 064 1
22 2009 VMS S 089 2
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Globe Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location ~ Deployed

6 2002 RWIS-RPU s 077 2

6 2002 RWIS-RPU S 260 2
6 2002 RWIS-RPU U 060 1

6 2002 RWIS-RPU U180 1
16 2006  VMS U 060 3
16 2006 VMS U 070 1
18 2007 CCTV Other 2
19 2007 VMS § 077 1
19 2007  VMS U 060 1
20 2008  VMS $§ 077 1
20 2008  VMS U 060 1
24 2010 VDS Other 2
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Holbrook Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
1 1998 RWIS-RPU 1040 1
1 1998 RWIS-RPU S 087 1
1 1998 RWIS-RPU §$377 1
2 1999 RWIS-RPU 1040 1
2 1999 VMS 1040 2
4 2001 RWIS-RPU s 077 1
4 2001 RWIS-RPU S 264 2
4 2001 RWIS-RPU U 064 1
4 2001 RWIS-RPU U 160 1
4 2001 VMS 1040 3
5 2002 VMS 1040 2
8 2003 VMS U 160 2
1 2004 RWIS-RPU 1040 6
11 2004 RWIS-RPU S 087 1
11 2004 VMS 1040 1
11 2004 VMS U 160 1
17 2007 cctv Other 3
17 2007 VMS S 264 1
17 2007 VMS U 191 2
22 2009 VMS 1040 1
22 2009 vMs S 564 1
22 2009 VMS U 089 1
22 2009 VMS U 163 2
22 2009 VMS U191 1
23 2010 cCcTV Other 2
23 2010 CcCcTV U 160 1
23 2010 RWIS-RPU S 077 1
23 2010 RWIS-RPU S 264 3
23 2010 RWIS-RPU U 160 2
23 2010 VDS Other 5
23 2010 VDS U160 1
23 2010 VMS S 077 1
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Kingman Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location ~ Deployed
2 2000 VMS 1040 1
2 2000 VMS S 068 1
2 2000 VMS U 093 1
4 2001 VMS 1040 3
5 2002 RWIS-RPU S 066 1
8 2003 VMS 1040 1
12 2005 RWIS-RPU 1040 1
12 2005 RWIS-RPU S 089 1
12 2005 RWIS-RPU U 093 1
12 2005 VMS 1040 1
12 2005 VMS U083 1
19 2007 VMS 1040 1
19 2007 VMS S085 1
19 2007  VMS U 093 i
23 2010 CCTV Other 1
23 2010 VDS Other 1
23 2010 VMS 1040 2
24 2010 RWIS-RPU 1040 2
24 2010 RWIS-RPU S 066 1
24 2010 RWIS-RPU S 068 1
24 2010 VMS S 095 1
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Phoenix FMS

ITS Year Units
Phase Deployed Equipment Route/fLocation ~ Deployed
1 1990 CcCTV 1010 20
1 1992 Ramp Meter/ILD U 060 12
1 1994 CCTV 1010 20
1 1994 CCTV 1017 8
1 1994 ILD Cabinet 1010 87
1 1994 ILD Cabinet 1017 34
1 1994 Node Room 1010 10
1 1994 Power Cabinet 1010 37
1 1994 Power Cabinet 1017 13
1 1994 Ramp Meter/ILD 1010 29
1 1994 Ramp Meter/ILD 1017 1
1 1994 Ramp Meter/ILD S 051 1
1 1994 VMS 1010 18
1 1894 VMS 1017 6
2 1997 CCTV S 051 7
2 1997 cCcTVv $143 4
2 1997 CCTV S 202 3
2 1897 ILD Cabinet $143 22
2 1997 ILD Cabinet S 202 15
2 1897 Node Room S 051 2
2 1997 PAD Cabinet S 051 19
2 1997 Power Cabinet S 051 14
2 1997 Power Cabinet S 143 4
2 1997 Power Cabinet S 202 6
2 1997 Ramp Meter/ILD 1010 1
2 1997 Ramp Meter/ILD 1017 19
2 1997 Ramp Meter/ILD S 202 6
2 1997 Ramp Meter/PAD S 051 11
2 1997 VMS S 051 3
2 1997 VMS S 143 2
2 1997 VMS S 202 2
3 2001 cCcTV 1017 11
3 2001 Ramp Meter/ILD 1017 16
3 2001 T™MS 1017 42
3 2001 VMS 1017 9
4 1999 cCcTV $101 3
4 1999 CcCTV §202 6
4 1999 Power Cabinet S 101 6
4 1999 Power Cabinet S 202 12
4 1999 Ramp Meter/ILD S 101 5
4 1989 Ramp Meter/ILD S 202 5
4 1999 TMS S 101 30
4 1999 TMS S 202 24
4 1899 VMS S 101 2
4 1999 VMS S 202 4
5 2000 CCTV S 051 7
5 2000 Power Cabinet S 051 16
5 2000 Ramp Meter/ILD S 051 12
5 2000 TMS S 051 42
5 2000 VMS S 051 4
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Phoenix FMS

ITS Year Units
Phase Deployed Equipment Route/Location ~ Deployed
6 2002 CCTV S 101 4
6 2002 Power Cabinet S 101 24
6 2002 Power Cabinet 8§ 202 8
6 2002 Ramp Meter/ILD S 101 6
6 2002 T™S S 101 72
6 2002 TMS S 202 24
6 2002 VMS S 101 2
7 2001 ccTV 1010 4
7 2001 CCTV U 060 6
7 2001 Power Cabinet 1010 14
7 2001 Power Cabinet U 060 21
7 2001 Ramp Meter/ILD 1010 1
7 2001 TMS 1010 42
7 2001 TMS U 060 66
7 2001 VMS 1010 3
7 2001 VMS U 060 3
8 2002 ccTVv U 060 6
8 2002 Power Cabinet U 060 12
8 2002 Ramp Meter/ILD U 060 12
8 2002 TMS U 060 36
8 2002 VMS U 060 4
9 2003 CCTV S 101 6
9 2003 Power Cabinet S 101 14
9 2003 Ramp Meter/ILD S 101 6
9 2003 T™MS $101 42
9 2003 VMS S 101 4
10 2004 CCTV S$101 13
10 2004 Power Cabinet S 101 26
10 2004 Ramp Meter/ILD S 101 20
10 2004 TMS S 104 78
10 2004 VMS S 101 8
11 2005 CCTV 1010 1
11 2005 CCTV S 101 10
11 2005 Power Cabinet 1010 4
11 2005 Power Cabinet S 101 18
11 2005 Ramp Meter/ILD 1010 2
11 2005 Ramp Meter/ILD S 101 17
11 2005 TMS 1010 12
11 2005 T™S s$101 60
11 2005 VMS 1010 3
11 2005 VMS S101 3
12 2006 CCTV S 051 1
12 2006 CCTV s$101 18
12 2006 Power Cabinet S 051 6
12 2006 Power Cabinet 5101 36
12 2006 Ramp Meter/ILD S 051 4
12 2006 Ramp Meter/iLD s10 26
12 2006 TMS S 051 18
12 2006 TMS S 101 108
12 2006 VMS S 051 1
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Phoenix FMS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
12 2006 VMS s 101 14
13 2007 CCTV U 060 7
13 2007 Power Cabinet U 060 14
13 2007 Ramp Meter/ILD U 060 12
13 2007 T™S U 060 42
13 2007 VMS U 060 5
14 2008 CCTV S 202 7
14 2008 Power Cabinet S 202 16
14 2008 Ramp Meter/ILD S 202 14
14 2008 TMS S 202 48
14 2008 VMS S 202 6
15 2009 CCTV S 202 9
15 2008 Power Cabinet S 202 20
15 2009 Ramp Meter/ILD S 202 12
15 2009 TMS S 202 60
15 2009 VMS S 202 7
16 2010 CCTV S 202 25
16 2010 Power Cabinet S 202 50
16 2010 Ramp Meter/ILD S 202 32
16 2010 TMS S 202 150
16 2010 VMS S 202 15
17 2011 CCTV S 202 25
17 2011 Power Cabinet S 202 50
17 2011 Ramp Meter/ILD S 202 22
17 2011 TMS S 202 150
17 2011 VMS S 202 15
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Prescott Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed

0 1995 VMS S 260 2

9 2003 RWIS-RPU S 089 2

9 2003 VMS 1017 1

15 2006 cCcTVv Other 1

15 2006 vDS Other 1

15 2006 VMS 1017 1

20 2008 VMS S 069 1
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Safford Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
1 1988 RWIS-RPU 1010 2
1 1998 VMS 1010 2
6 2002 VMS 1010 2
8 2003 VMS S 080 1
12 2005 VMS 1010 2
12 2005 VMS S 090 1
16 2006 RWIS-RPU 1010 2
16 2006 VMS 1010 4
16 2006 VMS U 098 1
16 2006 VMS U191 1
24 2010 RWIS-RPU 1010 1
24 2010 RWIS-RPU Other 1
24 2010 RWIS-RPU S 078 1
24 2010 RWIS-RPU S 080 3
24 2010 RWIS-RPU S 181 1
24 2010 RWIS-RPU S 266 1
24 2010 RWIS-RPU U 070 1
24 2010 RWIS-RPU U191 1
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TPG

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
0 1996  AVC - Piezo 1008 1
0 1996 AVC - Piezo 1 040 1
0 1996  WIM - Piezo 1010 1
0 1996 WIM - Piezo 1017 1
0 1996  WIM - Piezo $ 080 1
0 1996  WIM - Piezo § 095 2
0 1996  WIM - Piezo U 070 1
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Tucson FMS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
1 1999 CCTV 1010 12
1 1999 CCTV 1019 2
1 1989 ILD Cabinet 1010 52
1 1999 ILD Cabinet 1019 6
1 1999 Ramp Meter/ILD 1010 24
1 1999 VMS 1010 10
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Tucson Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
3 2001 VMS 1010 3
8 2003 VMS 1008 1
8 2003 VMS 1010 2
8 2003 VMS 1019 1
8 2003 VMS S 077 2
18 2007 RWIS-RPU 1010 3
18 2007 RWIS-RPU 1019 1
25 2011 RWIS-RPU 1008 2
25 2011 RWIS-RPU S 077 1
25 2011 RWIS-RPU S 386 2
25 2011 VMS 1019 2
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Yuma Rural ITS

ITS Year Units
Phase Deployed Equipment Route/Location  Deployed
10 2003 VMS 1008 1
10 2003 VMS S§ 085 1
13 2005 VMS 1010 2
13 2005 VMS $085 2
21 2008 CCTV Other 1
21 2008 RWIS-RPU S 085 1
21 2008 VDS Other 1
21 2008 VMS 1008 3
21 2008 VMS S 085 2
21 2008 VMS §095 1
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